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Influenza A Virus with a Human-Like N2 Gene Is Circulating in Pigs 
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A novel reassortant influenza A virus, HlavN2hu, has been found in Danish swine. The virus contains an HI gene similar to the 
hemagglutinin (HA) gene of H1N1 avian-like swine viruses and an N2 gene most closely related to the neuraminidase (NA) gene 
of human H3N2 viruses from the mid-1990s. 
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nfluenza A viruses are important human and animal pathogens 
with high impacts on public and animal health. These viruses 
contain eight separate RNA segments, and the hemagglutinin 
(HA) and neuraminidase (NA) segments define the subtype. In 
the case of a mixed infection by two viral strains within a cell, the 
exchange of gene segments may lead to a new reassortant virus. 
The influenza A viruses of the H1N1, H1N2, and H3N2 subtypes 
are enzootic in swine. The origin, and therefore the antigenic and 
genetic characteristics of these subtypes, differ between continents 
and geographic regions. New swine influenza virus reassortants 
originating from precursor avian, human, and/or swine viruses 
continue to emerge (1-3). 

In Denmark, a passive surveillance program for influenza A 
virus has been performed since 201 1 using samples from pigs with 
acute respiratory diseases submitted for diagnostic purposes. A 
selection of positive samples were subtyped by partial sequencing 
of the HA and NA genes, which revealed the presence of a new 
reassortant influenza virus subtype in several of the submissions. 
From three of these submissions, virus was isolated in cell cultures 
and the new subtype was confirmed by sequencing. Full- genome 
sequencing was performed for one virus isolate by full-length am- 
plification of all 8 gene segments with in-house-designed primers 
using the Superscript III OneStep reverse transcriptase PCR (RT- 
PCR) system with Platinum Taq High Fidelity. Purified PCR 
products were pooled in equimolar quantities and used for next- 
generation sequencing on the Ion Torrent PGM sequencer. 

Phylogenetic analyses of the obtained genome sequence 
showed that all genes, except for the N2 gene, were highly similar 
to H1N1 avian-like viruses, which have been circulating in the 
Danish pig population for at least three decades. Interestingly, the 
N2 gene was approximately 94% identical at both the nucleotide 
and amino acid levels to N2 of the seasonally human H3N2 viruses 
from the mid-1990s. Virus carrying this new subtype, HlavN2hu, 


was found in two or three submissions from different herds in 
each of the years 2011 to 2013, indicating that it may already be 
established in the Danish pig population. Furthermore, influenza 
A viruses carrying a similar human-like N2 gene but in a pandemic 
HlNlpdm09 backbone were detected in swine in Germany in 
2011 (4); these viruses have also been detected in a few submis- 
sions since 2011 in Denmark (S. 0. Breum, C. K. Hjulsager, R. 
Trebbien, and L. E. Larsen, unpublished data). The results con- 
firm that continued surveillance of influenza A viruses in animals 
and humans is essential since the virus can adapt or swap genes 
within a number of species, including pigs, potentially resulting in 
mammalian- adapted influenza A viruses with zoonotic potential. 

Nucleotide sequence accession numbers.The complete genome 
sequence of strain A/swine/Denmark/10302-2/2012(HlN2) has 
been deposited in GenBank under the accession no. KF5 14376 to 
KF5 14383 for segments 1 to 8. 
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